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GHWHUPLQHGWKHFKDOOHQJHVRIGHVLJQ7KHPDLQLVVXHRIWKHSURMHFWLVIDEULFDWLRQRIGRXEOHFXUYHJODVVSDQHOVDQGD
ORDGEHDULQJVWUXFWXUHZKLFKZDVGHVLJQHGDOVRDVIUHHIRUPIUDPHIROORZLQJIOXLGLW\RIJODVVFODGGLQJ)LJ7KLV
DUWLFOHZLOOIRFXVRQJHRPHWULFDOUDWLRQDOL]DWLRQIRUD ORDGEHDULQJVWUXFWXUH+RZHYHU LWZLOOH[SODLQEULHIO\RWKHU
DVSHFWVRIWKHUHVHDUFK
7KHPDLQJRDORIWKHUHVHDUFKLVWRGHYHORSWKHPHWKRGWKDWDOORZVJHQHUDWLQJDORDGEHDULQJVWUXFWXUHIURPDQ\
JLYHQ185%6VXUIDFH7KHLGHDLVWRDFKLHYHDVHWRIDUFVZKLFKFDQEHDJHRPHWULFDOUHSUHVHQWDWLRQRIEHQGHGPHWDO
SURILOHVWKXVPDNLQJLWDYDLODEOHIRUIDEULFDWLRQ0HWKRGLVEDVHGRQSDUDPHWULFPRGHO*UDVVKRSSHURSWLPL]HGE\
*HQHWLF$OJRULWKP*$HQJLQH2FWRSXV>@0RVWLPSRUWDQWO\WKHGHVLJQVWUDWHJ\ZLOOEHDOVRFDSDEOHRIKDQGOLQJ
DQ\NLQGRIVXUIDFHJHRPHWU\DQGZLOOEHLQWXLWLYHWRXVHIRUGHVLJQHUV

)LJ5RRIGHWDLO
1.1. Challenge of geometry 
$SSOLFDWLRQRIVRIWZDUHEDVHGRQ185%6JHRPHWU\LQDUFKLWHFWXUHRSHQHGQHZSRVVLELOLWLHVRIIRUPDOH[SUHVVLRQ
,QUHFHQW\HDUVZHFDQREVHUYHDQLQFUHDVLQJQXPEHURIUHDOL]DWLRQVRIIUHHIRUPJODVVIDFDGHVDQGURRIV2QWKHRWKHU
KDQGEXLOGLQJLQGXVWU\SUDFWLFHLVVWLOOEDVHGRQDVVHPEOLQJQXPEHUVRIVLPLODUHOHPHQWV3DWULFN6FKXPDFKHUKDG
GHVFULEHGLWDVÄ7KHWHFKQRLQGXVWULDOSDUDGLJPRI)RUGLVPLVWKHDVVHPEO\OLQHDVSLRQHHUHGE\)RUG,WVVWUHQJWK
OLHVLQWKHFKHDSPDVVIDEULFDWLRQRIVWDQGDUGPDVVSURGXFWV´>@3URGXFWLRQXVHVVLPSOHJHRPHWULHVVXFKDVSRLQWV
OLQHVRUDUFVLQFDVHRIEHQGHGHOHPHQWV7KLVFRQVWUDLQVXVXDOO\OLPLWVGHVLJQSRVVLELOLWLHV7KHJDSEHWZHHQDGHVLJQ
SURFHVV JLYLQJ FRPSOH[185%6 DQG D EXLOGDELOLW\ QHHG RI VLPSOH DQG VLPLODU JHRPHWULHV KDV EHHQ WRSLF RI
UHVHDUFKHYHQEHIRUHFRPSXWHUEHFDPHDSRSXODUWRRO
1.2. Rationalization 
,QRUGHU WR WUDQVIHUDFRPSOH[JHRPHWU\ LQWREXLOGDEOHJHRPHWU\ VRFDOOHG UDWLRQDOL]DWLRQPHWKRGVKDYHEHHQ
UHYHDOHG7KHPDLQJRDORIWKLVGHVLJQDFWLYLW\LVWRWUDQVIRUPFRPSOH[JHRPHWULHVXVXDOO\VXUIDFHVDQGFXUYHVLQWR
JHRPHWULHVWKDWFDQEHHDVLO\KDQGOHGE\PDQXIDFWXUHURUVWUXFWXUDOHQJLQHHU2QHRIWKHPRVWIDPRXVH[DPSOHVRI
UDWLRQDOL]DWLRQ LV WKH EXLOGLQJ RI 2SHUD LQ 6\GQH\ 7KH LQLWLDO GHVLJQ ZDV EDVHG RQ G\QDPLF SDUDEROLF VKDSHV
+RZHYHUWKHJHRPHWULHVZHUHKDUGWRFDOFXODWHDQGEXLOG-8W]RQWRJHWKHUZLWK$UXSJURXSUDWLRQDOL]HGVKDSHVWR
SDWFKHVRIVSKHUH7KLVUDWLRQDOL]DWLRQPDGHUHDOL]DWLRQSRVVLEOHWKRXJKLWKDGLQIOXHQFHGG\QDPLFVRIWKHIRUP)LJ
DE>@7KHUDWLRQDOL]DWLRQVWUDWHJLHVFDQEHFDWHJRUL]HGLQWZRJURXSVGHSHQGLQJRQWLPHRILWVDSSOLFDWLRQGXULQJ
DGHVLJQSURFHVV
x 3UHUDWLRQDOL]DWLRQVWUDWHJLHVLPSOHPHQWHGEHIRUHGHVLJQSURFHVV±ZKHUHGHVLJQSURFHVVLVOLPLWHGWRVLPSOH
IRUPVVXFKDVVSKHUHVF\OLQGHUVHWF
x SRVWUDWLRQDOL]DWLRQ±VWUDWHJLHVDSSOLHGDIWHUDGHVLJQRURQLWVODWHVWDJH±ZKHUHIRUPLVDQHIIHFWRIDHVWKHWLFDO
GHFLVLRQVRIWKHGHVLJQHURSWLPL]HGDIWHUZDUGVWRPXFKVLPSOHUJHRPHWULHV
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%RWKWHFKQLTXHVKDYHDGYDQWDJHVDQGOLPLWDWLRQV7KHSUHUDWLRQDOL]DWLRQJLYHVDVLPSOHJHRPHWU\EXWGUDVWLFDOO\
OLPLWVDIUHHGRPRIGHVLJQSRVVLELOLWLHV7KHSRVWUDWLRQDOL]DWLRQHQKDQFHVFUHDWLYHQHVVKRZHYHULQVRPHFDVHVWKH
JHRPHWU\FDQEHWRRFRPSOH[WRRSWLPL]H6RPHGHVLJQHUVOLNH$QWRQLR*DXGLDQG)UHL2WWRKDYHEHHQH[SHULPHQWLQJ
ZLWK WKH IRUPILQGLQJ WHFKQLTXHVZKHUHDVWUXFWXUH LV LQIOXHQFHGE\SK\VLFDO IRUFHV WHQGLQJ WRILQG WKHVWUXFWXUDO
HTXLOLEULXP,QWKLVFDVHRQHFDQDUJXHLILWLVSUHUDWLRQDOL]DWLRQ2QWKHRQHKDQGLQLWLDOLGHDLVOLPLWHGWRFHUWDLQ
PHWKRGVRUHOHPHQWV2QWKHRWKHUDILQDOIRUPLVHPHUJLQJGXULQJDFUHDWLYHSURFHVVDQGDGMXVWPHQWRIGLIIHUHQW
IRUFHV'XHWRGLIIHUHQWFKDUDFWHULVWLFVZHFDQFDOOWKHVHPHWKRGVLQSURFHVV>@7KLVVHWRIPHWKRGVDOVRUHYHDOV
DQLWHUDWLYHQDWXUHRIGHVLJQSURFHVV$SURFHVVFDQEHUHSHDWHGXQWLODSURSHUVROXWLRQLVIRXQG5HFHQWO\GHYHORSHG
IRUPILQGLQJWHFKQLTXHVDUHEDVHGRQSK\VLFDOVLPXODWLRQHQJLQHVVXFKDV'DQLHO3LNHU¶V³.DQJDURR´>@,PPHGLDWH
YLVXDOIHHGEDFNPDNHVUDWLRQDOL]DWLRQOHVVWLPHFRQVXPLQJ7KHUHIRUHVXFKLQSURFHVVUDWLRQDOL]DWLRQWHFKQLTXHVDUH
PRUHFRPPRQO\XVHGLQHDUO\GHVLJQSKDVH

)LJD(OHYDWLRQIURPFRPSHWLWLRQHQWU\E(OHYDWLRQIRUPILQDOGHVLJQ>KWWSJDOOHU\UHFRUGVQVZJRYDX@
1.3. Penalization 
,PSRUWDQW DVSHFW LQ UDWLRQDOL]DWLRQ RI ODUJH IUHHIRUP VWUXFWXUHV LV D VL]H RI DVVHPEODJH HOHPHQWV  )RU
PDQXIDFWXULQJSXUSRVHVDVWUXFWXUHQHHGVWREHGLYLGHGLQWRVPDOOHUHOHPHQWV7KRVHHOHPHQWVFDOOHGSDQHOVPRXQWHG
WRJHWKHU UHPLQG LQLWLDOGHVLJQ$JDLQPDQXIDFWXULQJKDV LWVRZQFRQVWUDLQV WKHUHIRUHZHFDQREVHUYH W\SHVRI
SDQHOV
x SODQDU±FKHDSDQGHDV\WRIDEULFDWHVKDSHLVUDGLFDOO\VLPSOLILHGWRSODQDUHOHPHQWV
x 6LPSOHVKDSHV±SDQHOVZKLFKIROORZVVSKHUHVF\OLQGHUVFRQHVHWF
x )UHHIRUPVVXUIDFHVZLWKKLJKFRPSOH[LW\RIVKDSHV
'XHWRORZFRVWRIPDQXIDFWXULQJWKHIODWSDQHOVDUHYHU\SRSXODUVROXWLRQ0HWKRGVRISODQDUSHQDOL]DWLRQZHUH
LQWHQVLYHO\GHYHORSHG LQ ODWH¶VE\ UHVHDUFKHVZRUNLQJZLWK)UDQN2*HKU\DQG6SHFLDOLVW0RGHOLQJ*URXS LQ
)RVWHUV DQG 3DUWQHUV >@ ,Q PRVW FDVHV WR UHSUHVHQW DQ LQLWLDO VKDSH WULDQJXODU DQG TXDGUDWXUH SDQHOV DUH XVHG
,PSRUWDQWDGYDQFHVLQSHQDOL]DWLRQZHUHLQWURGXFHGE\SURI+HOPXW3RWWPDQQ¶VJURXS%DVHGRQGHHSXQGHUVWDQGLQJ
RIWKHJHRPHWU\WKHJURXSKDVGHYHORSHGGLIIHUHQWWHFKQLTXHVLQRSWLPL]DWLRQRISDQHOVRIHYHU\NLQGIURPIODWTXDG
PHVKHVWRGHYHORSDEOHVXUIDFHV0RVWUHODWHGWRRXUPHWKRGGHVFULEHGLQWKHDUWLFOHLVPHWKRGLQSHQDOL]DWLRQRIODUJH
VFDOHIUHHIRUPVXUIDFHV'XULQJWKHSURFHGXUHWKHDOJRULWKPLVWU\LQJWRILWSDQHOVLQWRVLPSOHVKDSHVVXFKDVSODQHV
F\OLQGHUV WRUXV HWF 0HWKRG VLJQLILFDQWO\ GHFUHDVHV D QXPEHU RI QHHGHG PRXOGV IRU PDQXIDFWXULQJ %DVHG RQ
3RWWPDQQ¶VJURXSUHVHDUFKµ(YROXWH¶VRIWZDUHKDVEHHQGHYHORSHG,PSRUWDQWIHDWXUHRIWKLVDSSURDFKLVYLVXDORXWSXW
DQGSRVVLELOLW\RIDGMXVWLQJSDUDPHWHUVRIRSWLPL]DWLRQWRDFKLHYHDFRPSURPLVHEHWZHHQIRUPDQGEXLOGDELOLW\RI
WKH VWUXFWXUH > @ 8VXDOO\ VXFK QXPHULFDO RSWLPL]DWLRQ WHFKQLTXHV FRXOG EH FODVVLILHG DV SRVWUDWLRQDOL]DWLRQ
+RZHYHULIZHWDNHLQWRDFFRXQWTXLFNIHHGEDFNWKH\FDQEHPRUHOLNHO\FODVVLILHGDVWKHLQSURFHVVUDWLRQDOL]DWLRQ
PHWKRGV$VZHFDQVHHPHWKRGIRUUDWLRQDOL]DWLRQWHQGVWREHHDVLHUWRXVH7KHUHIRUHSURSRVHGPHWKRGDLPVDOVRLQ
HDV\DQGTXLFNRXWSXW$GGLWLRQDOO\LWKDVWRSURYLGHUHOLDEOHRXWSXW
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0HWKRGEDVHGLQ*HQHWLF$OJRULWKP
2.1. Roof fabrication 
5RRI V\VWHP LVGHVLJQHG WR IRUP WZR OD\HUV RXWHU OD\HU  IURPJODVVSDQHOV DQG LQQHU OD\HU±D ORDGEHDULQJ
VWUXFWXUH
2.1.1. Glass 
$VPHQWLRQHGEHIRUHWKHFKHDSHVWVROXWLRQZRXOGEHSODQDURUF\OLQGULFDOSDQHOV+RZHYHULWFKDQJHVDSSHDUDQFH
RIWKHILQDOIRUPWKHUHIRUHZHRSWHGRXWWKLVVROXWLRQ'HVSLWHWKHKLJKHUFRVWRISURGXFWLRQZHKDYHFKRVHQGRXEOH
FXUYHGSDQHOV1HZIDEULFDWLRQWHFKQRORJLHVOLNH&1&PRXOGFDOOHG)UHH'DOORZVFRQWUROOLQJFXUYDWXUHE\FKDQJHV
LQSLVWRQVKHLJKW5HFHQWH[SHULPHQWVZLWKFROGDQGKRWEHQGHGJODVVVKRZSRVVLELOLWLHVWRORZHUFRVWVRIIDEULFDWLRQ
RIWKHIUHHIRUPJODVVSDQHOV)LJD>@&KDOOHQJHVLQSHQDOL]DWLRQDVZHOODVSK\VLFDOSURSHUWLHVRIEHQGHGJODVV
HOHPHQWVZLOOEHUHVHDUFKLQQH[WVWDJHV+RZHYHUWKLVDVSHFWKDGDOVRLQIOXHQFHGGHVLJQGHFLVLRQVDQGDIRUPRIORDG
EHDULQJVWUXFWXUH
2.1.2. Load-bearing structure 
$VPHQWLRQHGEHIRUHWKHFKHDSHVWVROXWLRQZRXOGEHSODQDURUF\OLQGULFDOSDQHOV+RZHYHULWFKDQJHVDSSHDUDQFH
RIWKHILQDOIRUPWKHUHIRUHZHRSWHGRXWWKLVVROXWLRQ'HVSLWHWKHKLJKHUFRVWRISURGXFWLRQLWKDVEHHQFKRVHQGRXEOH
FXUYHGSDQHOV1HZIDEULFDWLRQWHFKQRORJLHVOLNH&1&PRXOGFDOOHG)UHH'DOORZVFRQWUROOLQJFXUYDWXUHE\FKDQJHV
LQSLVWRQVKHLJKW5HFHQWH[SHULPHQWVZLWKFROGDQGKRWEHQGHGJODVVVKRZSRVVLELOLWLHVWRORZHUFRVWVRIIDEULFDWLRQ
RIWKHIUHHIRUPJODVVSDQHOV)LJE>@&KDOOHQJHVLQSHQDOL]DWLRQDVZHOODVSK\VLFDOSURSHUWLHVRIEHQGHGJODVV
HOHPHQWVZLOOEHUHVHDUFKLQQH[WVWDJHV+RZHYHUWKLVDVSHFWKDGDOVRLQIOXHQFHGGHVLJQGHFLVLRQVDQGDIRUPRIORDG
EHDULQJVWUXFWXUH
)LJD&1&PRXOG)UHH'E6WHHOEHQGLQJ>@
2.2. The optimization goal 
7KHORDGEHDULQJVWUXFWXUHRIWKHURRIKDVEHHQGHVLJQHGDVEHQGHGPHWDOSLSHVIROORZLQJFXUYDWXUHRIJODVVSDQHO¶V
VXUIDFHV)DEULFDWLRQUHTXLUHVWUDQVODWLRQRIUHPDLQHGHOHPHQWVLQWRDUFV8VXDODSSURDFKZRXOGEHVLPSOHFRQYHUVLRQ
RI185%6WRDUF8QIRUWXQDWHO\LQRUGHUWRNHHSWKHLQLWLDOVKDSHORWVRIDUFHOHPHQWVQHHGWREHXVHG$VPHQWLRQHG
EHIRUHDSSOLHGPHWKRGKDVWREHHDV\WRXVHKDYHGLUHFWRXWSXWDQGYLVXDOIHHGEDFN$GGLWLRQDOO\PHWKRGKDVWREH
DSSOLFDEOHIRUDQ\NLQGRI185%6VXUIDFHV
7DNLQJLQWRDFFRXQWJRDOVIRURSWLPL]DWLRQWKHPXOWLFULWHULD*$KDVEHHQFKRVHQ$PDLQDGYDQWDJHRI*$LVD
SRVVLELOLW\RIVHWWLQJXSPRUH WKDQRQHJRDO IRURSWLPL]DWLRQ)RU WKHGHVFULEHGPHWKRG*$EDVHGRQ WKH63($
DOJRULWKPKDVEHHQXVHG,PSOHPHQWHGE\5REHUW9LHUOLQJHULQµ2FWRSXV¶HQJLQH>@0HWKRGVEDVHGRQ*$RXWSXW
VHWV RI RSWLPL]HG VROXWLRQV WKDW FDQ EH YHULILHG DQG FDWHJRUL]HG E\GHVLJQHU ODWHU RQ%HFDXVH WKH\ DUH EDVHGRQ
KHXULVWLFVIXQFWLRQVWKHRXWFRPHRIRSWLPL]DWLRQLVQRWWKHEHVWSRVVLEOHVROXWLRQ+RZHYHULWVKRXOGEHSRLQWHGRXW
WKDWSUHVHQWHGSUREOHPGRHVQRWKDYHDQLGHDOVROXWLRQ6LPSOLI\LQJFRPSOH[JHRPHWULHVDOZD\VQHHGVVRPHGHJUHH
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RIWROHUDQFH'XHWRSRVVLELOLW\RIRSWLPL]DWLRQWRZDUGVGLIIHUHQWJRDOVGHVLJQHUFDQEDODQFHEHWZHHQGLIIHUHQWWUDGH
RIIYDOXHV*$FDQEHDSSOLHGWRGLIIHUHQWHQJLQHHULQJSUREOHPVZKHUHWKHUHLVDQHHGWRGHDOZLWKWUDGHRIIVLWXDWLRQ
DQGPDUJLQRIWROHUDQFH>@
0HWKRGRORJ\
2XUJRDO LV WRPHHW IDEULFDWLQJFULWHULDZLWKRXWQDUURZLQJ IUHHGRPRIGHVLJQ3URFHGXUHVWDUWV IRUPXVHU LQSXW
ZKLFKPLJKWEHDQ\NLQGRIIUHHIRUP185%VVXUIDFH
0HWKRGLVGLYLGHGLQWRWKUHHVWHSV
x VHWWLQJXSSDUDPHWULFPRGHOZLWKGHJUHHRIYDULDWLRQ±*UDVVKRSSHUIRU5KLQRE\'5XWWHQ
x UXQQLQJ*HQHWLFDOJRULWKP±2FWRSXVIRU5KLQRE\59HOLQJHU
x SUHSDULQJLQIRUPDWLRQIRUPDQXIDFWXUHU±*UDVVKRSSHU
3.1. The search space 
3URFHGXUHRIPRGHOJHQHUDWLRQLVIDLUO\VLPSOH(DFKLWHUDWLRQJHQHUDWHVPHPEHUV*HQHUDWLRQSURFHGXUHLV
GLYLGHGLQWRVWHSVEDVHGRQSRROVRIUDQGRPO\JHQHUDWHGSDUDPHWHUVVRFDOOHG*HQHSRROV)RUHDFKFXUYHW
SDUDPHWHUVDUHJHQHUDWHGLQGRPDLQUDQJHRI7KLVPHDQVWKDWWKHUHLVLQILQLWHQXPEHURIYDULDWLRQVWRVHDUFK
IURP3UHVHQWHGH[DPSOHVKRZVVHFWLRQRIRQHEHDP+RZHYHUPHWKRGLVSUHSDUHGWRKDQGOHPRUHVWUXFWXUDOPHPEHUV
,QLWLDOVXUIDFHLVGLYLGHGLQWRVHWRI,62FXUYHVZKLFKUHSUHVHQWD[LVRIEHDP)LJD&XUYHVDUHGLYLGHGLQWR
VPDOOHUHOHPHQWVZLWKVHWRIUDQGRPO\JHQHUDWHGSRLQWVDFFRUGLQJWRWYDOXHRIWKHFXUYH)LJE


)LJD6WHS±,QLWLDO&XUYHE6WHS±5DQGRP3RLQWV
2QVKDWWHUHGFXUYHVDQRWKHUSRLQWLVFRPSXWHGZLWKUDQGRPO\JHQHUDWHGWYDOXH)LJD%DVHGRQVHWRISRLQWV
UDQGRPDUFVLVJHQHUDWHG)LJE7KLVUDQGRPO\JHQHUDWHGJHRPHWU\EHFRPHVVHDUFKVSDFHIRU*$

)LJD6WHS±0LG3RLQWVE6WHS±5DQGRPDUFV
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,QPHWKRGVEDVHGRQ*$±DVHDUFKVSDFH±LVDQXPEHURIDOOJHQHUDWHGSRVVLEOHVROXWLRQV,WLVKLJKO\LPSRUWDQW
WKDW VROXWLRQ VSDFH LV QRW WRRQDUURZ WKXV DOJRULWKPFDQ VHDUFK LQ VSDFH RI UHDVRQDEOHQXPEHUV RISRVVLELOLWLHV
+RZHYHU D UDQGRPO\ JHQHUDWHG SRSXODWLRQ LQFOXGHV DOVR XVHOHVV VROXWLRQ ,Q SUHVHQWHG H[DPSOH QXPEHU RI EDG
VROXWLRQVLVOLPLWHGLQSKDVHRIVHWWLQJXSDVHDUFKVSDFH$GGLWLRQDOUDQGRPSRLQWLVJHQHUDWHGIRUDPLGGOHSRLQWRI
DUF 7KLV SRLQW DOORZV DGMXVWLQJ JHQHUDWHG DUF WR LQLWLDO JHRPHWU\ 7KHUHIRUH PRUHPHDQLQJIXO VROXWLRQV FDQ EH
JHQHUDWHG>@
3.2. The Fitness functions 
7KHPRVWLPSRUWDQWIRU*$PHWKRGLVSURSHUVHWXSRI)LWQHVV)XQFWLRQ))7KLVKHXULVWLFIXQFWLRQGHWHUPLQHV
WKHYDOXHRIWKHREMHFWLYHIRUHDFKPHPEHU'XULQJRSWLPL]DWLRQDOJRULWKPGHWHUPLQHVZKLFKPHPEHUVRIJHQHUDWLRQ
DUHJRLQJWRPXWDWHDFFRUGLQJWR)))RUGHVFULEHGPHWKRGPDLQREMHFWLYHVKDVEHHQXVHG'HYLDWLRQ&RQWLQXLW\
DQG1XPEHURIHOHPHQWV
3.2.1. Deviation
(YHU\VHWRIDUFVFRQYHUWHGIRUPFXUYHZLOOEHGLIIHUHQWIURPDQLQLWLDOJHRPHWU\'HYLDWLRQLVFDOFXODWHGDVVXP
RI GLVWDQFHV EHWZHHQ SRLQWV JHQHUDWHG IURP DQ LQLWLDO FXUYH DQG RSWLPL]HG DUFV ,W LV FDOFXODWHG SHU ORDGEHDULQJ
HOHPHQWLQWKLVFDVHHOHPHQW$[HVRIEHDPVDUHVDPSOHGLQGLVWDQFHRIFP,QSUHVHQWHGH[DPSOHSRLQWV
KDYHEHHQXVHG)LJD
3.2.2. Continuity 
5DQGRPO\JHQHUDWHGDUFVGRQRWJHQHUDWHFRQWLQXRXVFXUYH,QDQLQLWLDOJHRPHWU\VKDUSNLQNVFDQEHREVHUYHG
7KHUHIRUH WKH )) RI &RQWLQXLW\ KDV EHHQ LQWURGXFHG ,W LV FDOFXODWHG DV D VXP RI DQJOHV EHWZHHQ WDQJHQWV RI
QHLJKERULQJDUFV%\PLQLPL]LQJDQJOHVRQHQGSRLQWVDILQDOJHRPHWU\LVJRLQJWREHDVVPRRWKDVSRVVLEOH)LJE


)LJD'HYLDWLRQE&RQWLQXLW\
3.2.3. Number of elements 
'HYLDWLRQDQG&RQWLQXLW\SUHIHUVWUXFWXUDOPHPEHUVPDGHIURPKLJKHUQXPEHURIHOHPHQWV7KHUHIRUHIXQFWLRQ
ZKLFKLVPLQLPL]LQJWKHQXPEHURIHOHPHQWVKDGEHHQLQWURGXFHG7KHQXPEHURIHOHPHQWVLVGHWHUPLQHGLQVHDUFK
VSDFHE\DGGLWLRQDOYDOXHZKLFKLVUHPRYLQJUDQGRPQXPEHUIRUPJHQHUDWHGWYDOXHVLQPRGHOSUHSDUDWLRQSKDVH
1XPEHURIHOHPHQWVHQDEOHVGHVLJQHUVWRVHHKRZ'HYLDWLRQDQG&RQWLQXLW\ZRXOGLQFUHDVHZKHQZHXVHIHZHUDUFV
SHUEHDP)HZHUGLYLVLRQVSHUHOHPHQWZLOOEHQHILW LQUHGXQGDQF\RIJHQHUDWHGVWUXFWXUHDQGZLOOGHFUHDVHFRVWRI
IDEULFDWLRQ7KHQXPEHURIHOHPHQWVLVFDOFXODWHGDVVXPRIDUFHOHPHQWVLQHDFKEHDP)LJ
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
)LJ1XPEHURIHOHPHQWV
3.3. Optimization and results 
%RWK*HQHSRROVDQG))YDOXHVDUHLQSXWIRU2FWRSXVHQJLQH$IWHUDOJRULWKPSURFHGXUH*$RXWSXWVRSWLPL]HG
JHRPHWU\LQVRFDOOHG6ROXWLRQVSDFH2FWRSXVDOORZVLQWXLWLYHQDYLJDWLRQWKURXJKWKLVVSDFHE\PDSSLQJRXWSXWLQ'
VSDFH9DOXHVRI))EHFDPH;<DQG=D[LV)LJ,WLVSRVVLEOHWRPDSPRUH))LQ2FWRSXVYLHZSRUWKRZHYHU
WRPLQLPL]HFRPSXWDWLRQWLPHIRUSUHVHQWH[DPSOHVWKUHH))ZHUHXVHG
(YDOXDWLRQRIVROXWLRQFDQEHVXSSRUWHGE\YLVXDOL]DWLRQRIWKH3DUHWWRIURQWZKLFKVKRZVEHVWWUDGHRIIIRUGLIIHUHQW
))YDOXHV)LJ6ROXWLRQFDQEHFKRVHQEDVHGRQLQIRUPDWLRQDERXWDGYDQWDJHVDQGGLVDGYDQWDJHGRIHDFKRSWLRQ
)RUSUHVHQWHGH[SHULPHQWJHQHUDWLRQVKDYHEHHQFRPSXWHG:HFDQREVHUYHDQH[SRQHQWLDOGHFUHDVHRI))
YDOXHV,WLQGLFDWHVWKDWIXUWKHURSWLPL]DWLRQZLOOQRWEHDEOHWRJHQHUDWHVLJQLILFDQWO\EHWWHUVROXWLRQV)URPVROXWLRQ
VSDFHFXUYHVKDGEHHQFKRVHQ)LJ5HVXOWVKDGEHHQFRPSDUHGZLWKGHIDXOW5KLQRFRQYHUVLRQIURP185%6WR
$UF%RWKFRPSDUHGVHWVRIDUFV±RSWLPL]HGDQGFRQYHUWHGKDYHWKHVDPHQXPEHURIDUFV&RPSDULVRQLVEDVHGRQ
))'HYLDWLRQDQG&RQWLQXLW\>@

)LJ6ROXWLRQ6SDFH±3DUUHWWRIURQW&KRVHQVROXWLRQPDUNHGZLWKEOXHFRORXU
3.3.1. Example 1 – 9 elements 
&RQYHUWHG
6LPSOHFRQYHUWLQJSURGXFHVHWRIDUFVFORVHWRLQLWLDOJHRPHWU\)LJD$OVRDUFVDUHSHUIHFWO\DOLJQHGWRHDFK
RWKHU7KHRSWLPL]HGDQGFRQYHUWHGDUFVKDYHVLPLODUGHYLDWLRQ
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2SWLPL]HG
&RQWLQXLW\RIRSWLPL]HGHOHPHQWV LVQRW LGHDO+RZHYHUDYHUDJHHUURURIGHJUHHVSHUFRQQHFWLRQZLOOQRWEH
YLVLEOHLQWKHVWUXFWXUH)LJE


)LJD([DPSOH±&RQYHUWHGE([DPSOH±2SWLPL]HG
3.3.2. Example 2 – 4 elements 
&RQYHUWHG
5HGXFWLRQ RI HOHPHQWV LQ FRQYHUWHG PHPEHUV KLJKO\ LQFUHDVHV 'HYLDWLRQ IURP LQLWLDO JHRPHWU\ )LJ  D
&RQWLQXLW\EHWZHHQHOHPHQWVLVFORVHWR
2SWLPL]HG
,QRSWLPL]HGFXUYHVZHFDQVWLOOREVHUYHELJJHUFRQWLQXLW\YDOXH'HYLDWLRQIURPLQLWLDOJHRPHWU\KDVYHU\ORZ
YDOXHFRPSDULQJWRFRQYHUWHGDUFV)LJE


)LJD([DPSOH±&RQYHUWHGE([DPSOH±2SWLPL]HG
&RQFOXVLRQDQGIXUWKHUSURVSHFWV
0HWKRG EDVHG RQ *$ RSWLPL]DWLRQ LV FDSDEOH LQ UDWLRQDOL]DWLRQ RI D FRPSOH[ IUHHIRUP VXUIDFH LQWR D VHW RI
GHYHORSDEOHJHRPHWU\LQSUHVHQWHGFDVHDUFV(OHPHQWVDUHLQDFFHSWDEOHWROHUDQFHIURPLQLWLDOJHRPHWU\DQGDVVXUH
EXLOGDELOLW\RIVWUXFWXUH7KHRSWLPL]DWLRQPHWKRGDOORZHGDFKLHYLQJYDULRXVGHVLJQVROXWLRQVKLJKO\VLPLODUWRLQLWLDO
JHRPHWU\&RQWLQXLW\RIPHPEHUVDIWHUJHQHUDWLRQVKDVEHHQDFFHSWDEOHIRUEXLOGLQJLQGXVWU\VWDQGDUGV2YHUDOO
PHWKRGSHUIRUPDQFHJLYHVSURPLVLQJUHVXOWV1HYHUWKHOHVVWKHFRPSXWDWLRQWLPHIRUJHQHUDWLRQVDURXQGKRXUV
IRUHOHPHQWVQHHGWREHFRQVLGHUDVGLVDGYDQWDJHRIWKHPHWKRG7KHUHIRUHIXUWKHUUHVHDUFKRQSHUIRUPDQFHVHHPV
WREHUHOHYDQWIRUSRSXODUL]DWLRQRI*$XVDJH

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
)LJ2SWLPL]HGORDGEHDULQJHOHPHQWVLQURRIV\VWHP
'XULQJIXWXUHUHVHDUFKRWKHUPHWKRGVRIGHILQLQJILWQHVVIXQFWLRQVVKRXOGEHLQWURGXFHGDQGWHVWHG2SHQIUDPH
ZRUNRI2FWRSXVDOORZVLQFRUSRUDWLRQRIVWUXFWXUDODQDO\VLVLQWRIXUWKHUUHVHDUFK+RZHYHULQFDVHRI)(0DQDO\VLV
ORQJHUFRPSXWLQJWLPHQHHGVWREHFRQVLGHUHG
5HIHUHQFHV
>@$7HGHVFKL$$'$OJRULWKPV$LGHG'HVLJQ3DUDPHWULFVWUDWHJLHVXVLQJJUDVVKRSSHU/H3HQVHXU
>@59LHUOLQJHU$)UDPHZRUNIRU)OH[LEOH6HDUFKDQG2SWLPL]DWLRQLQ3DUDPHWULF'HVLJQ¶5HWKLQNLQJ3URWRW\SLQJ3URFHHGLQJVRIWKH'HVLJQ
0RGHOLQJ6\PSRVLXP%HUOLQ%HUOLQ
>@36FKXPDFKHU3URGXFWLYH3DWWHUQV$5&+<RXU2IILFH,V:KHUH<RX$UH%HUOLQ
>@7)LVFKHU*HRPHWU\5DWLRQDOL]DWLRQIRU1RQ6WDQGDUG$UFKLWHFWXUH$5&+,7(&785(6&,(1&(1R
>@-*O\PSKD'6KHOGHQD&&HFFDWR-0XVVHOD+6FKREHUE$SDUDPHWULFVWUDWHJ\IRUIUHHIRUPJODVVVWUXFWXUHVXVLQJTXDGULODWHUDOSODQDU
IDFHWV&RQIHUHQFHRIWKH$VVRFLDWLRQIRU&RPSXWHU$LGHG'HVLJQLQ$UFKLWHFWXUH$XWRPDWLRQLQ&RQVWUXFWLRQ9ROXPH,VVXH0DUFK
3DJHV±
>@'3LNHU.QDJDURR)RUP)LQGLQJZLWKFRPSXWDWLRQDOSK\VLFV$UFKLWHFWXUDO'HVLJQ9RO,VVXH
>@-0(LJHQVDW]0.LOLDQ$6FKLIWQHU1-0LWUD+3RWWPDQQ03DXO\3DQHOLQJ$UFKLWHFWXUDO)UHHGRP6XUIDFH$&07UDQVDFWLRQRQ
*UDSKLFV6LJJUDSK
>@+3RWWPDQQ$6FKLIWQHU-:DOOQHU*HRPHWU\RI$UFKLWHFWXUDO)UHHIRUP6WUXFWXUHV,QWHUQDW0DWK1DFKULFKWHQ1U±
>@-V:DOOQHU+3RWWPDQQ*HRPHWULF&RPSXWLQJIRU)UHHIRUP$UFKLWHFWXUH-RXUQDORI0DWKHPDWLFVLQ,QGXVWU\
>@.9ROOHUV7ZLVW	%XLOG&UHDWLQJ1RQRUWKRJRQDO$UFKLWHFWXUH5RWWHUGDP
>@59LHUOLQJHU.%ROOLQJHU$FFRPPRGDWLQJFKDQJHLQ3DUDPHWULF'HVLJQ3URFHHGLQJVRI$&$',$&RQIHUHQFH
>@<7RNOX2SWLPL]DWLRQLQ6WUXFWXUDO$QDO\VLVDQG'HVLJQ6WUXFWXUHV&RQJUHVVSS
>@()DVRXODNL*HQHWLFDOJRULWKPVLQDUFKLWHFWXUHDQHFHVVLW\RUDWUHQG",Q*HQHUDWLYH$UW&RQIHUHQFH
>@/L/L7KHRSWLPL]DWLRQRIDUFKLWHFWXUDOVKDSHEDVHGRQ*HQHWLF$OJRULWKP)URQWLHUVRI$UFKLWHFWXUDO5HVHDUFK±
>@KWWSZZZNXEHVWHHOFRPDFFHVV

